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(54) Method and device for driving a plasma display panel 



(57) A method of driving a plasma display panel is 
disclosed, in which the addressing is unsusceptible to 
variations in operating environment without increasing 
the withstand voltage of circuit components. The meth- 
od comprises the steps of replacing a frame with a plu- 
rality of subframes having luminance weights, setting on 



or off of light emission of cells for each of the subframes 
so as to realize a gradation display and providing a drive 
halt period between at least one of the plural subframe 
periods allocated to each of the subframes and the next 
subframe period only when a display load exceeds a 
preset value. 
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Description 

[0001] The present invention relates to a method and 
a device for driving an AC type plasma display panel. 
[0002] A plasma display panel (PDP) has been widely 
used as a monitor of a television or a computer since a 
color screen was commercialized. As a using environ- 
ment is diversified along with the widespread use, a driv- 
ing method is desired that can realize a stable display 
without being affected by temperature variation or volt- 
age regulation of a power source. 
[0003] As a color display device, a surface discharge 
format ACtype PDP is commercialized. The surface dis- 
charge format means a structure in which display elec- 
trodes (first electrodes and second electrodes) to be an- 
odes and cathodes in display discharge for ensuring lu- 
minance are arranged on a front or a back substrate In 
parallel, and address electrodes (third electrodes) are 
arranged so as to cross the display electrode pairs. 
There are two arrangement forms of the display elec- 
trodes. In the first form, a pair of display electrodes is 
arranged for each row of a matrix display. In the second 
form, the first and the second display electrodes are ar- 
ranged alternately at a constant pitch. In the second 
form, the display electrode except both ends of the ar- 
rangement works for displays of two rows. Regardless 
of an arrangement form, the display electrode pairs are 
covered with a dielectric layer. 
[0004] I n a display of a s u rf ace discharge format PDP, 
one of the display electrode pair (the second electrode) 
corresponding to a row is used as a scan electrode for 
selecting a row, so that address discharge is generated 
between a scan electrode and an address electrode, 
which causes address discharge between display elec- 
trodes. Thus, an addressing is performed controlling 
wail charge quantity in the dielectric layer in accordance 
with display contents. After the addressing, sustaining 
voltage Vs having alternating polarities is applied to the 
display electrode pair. The sustaining voltage Vs satis- 
fies the following inequality (1). 

Vf XY -Vw XY <Vs<Vf XY (1) 

[0005] Here, Vf XY denotes discharge start voltage be- 
tween display electrodes, and Vw XY denotes wall volt- 
age between display electrodes. 
[0006] By applying the sustaining voltage Vs, cell volt- 
age (the sum of drive voltage that is applied to the elec- 
trode and the wall voltage) exceeds the discharge start 
voltage Vf XY only in cells having predetermined quantity 
of wall charge so that surface discharge is generated on 
the surface of the substrate. When the application peri- 
od is shortened, light emission looks as being continu- 
ous. 

[0007] A discharge cell of a PDP is basically a binary 
light emission element. Accordingly, a halftone Is repro- 
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duced by setting integral light emission quantity of an 
individual discharge cell in a frame period in accordance 
with a gradation value of input .image data. A color dis- 
play is a type of the gradation display, and the display 
5 color Is determined by combining luminance values of 
three primary colors. For the gradation display, a meth- 
od is used in which one frame is made of plural sub- 
frames (subfields in the case of an interlace display) 
having luminance weights, and the integral light emis- 
10 sion quantity is set by combining on and off of the light 
emission for each subframe. 
[0008] Fig. 12 is a diagram of voltage waveforms 
showing a general driving sequence. In Fig. 12, refer- 
ence letters X, Y and A denote the first display electrode, 

19 the second display electrode and the address electrode, 
respectively. Each of the numeric letters 1-n added to X 
and Y Indicates the arrangement order of the row cor- 
responding to the display electrodes X and Y. Each of 
the numeric letters 1 -m added to A indicates the ar- 

20 rangement order of the column corresponding to the ad- 
dress electrode A. 

[0009] A subframe period Tsf assigned to a subframe 
includes a reset period TR for equalizing charge distri- 
bution in the screen, an address period TA for forming 
25 the charge distribution in accordance with display con- 
tents by applying a scan pulse Py and an address pulse 
Pa and a sustain period (also referred to as a display 
period) TS for ensuring a luminance value correspond- 
ing to a gradation value by applying a display pulse Ps. 
so The lengths of the reset period TR and the address pe- 
riod TA are constant regardless of a luminance weight, 
while the length of the sustain period TS is longer as the 
luminance weight is larger. The illustrated set of wave- 
forms is an example. It is possible to modify the ampli- 
35 tude, the polarity and the timing variously. 

[0010] In the reset period TR, a writing pulse Prx is 
applied to all the display electrodes X so that whole sur- 
face discharge is generated and the wall charge is 
erased by self-erasing discharge accompanied with the 
^0 end of the pulse application. The address electrode A Is 
supplied with a pulse Pra for preventing undesired dis- 
charge, There is a method for equalizing the charge dis- 
tribution, in which a ramp waveform pulse is applied so 
as to control the charge quantity. In the address period 
<9 TA, all the display electrodes Y are biased to non-selec- 
tion potential vya2 at the start point in time, and then 
the display electrodes Y corresponding to the selected 
row I (1 s i ^ n) are biased to selection potential Vya1 
temporarily (application of the scan pulse). In synchro- 
50 nization with the row selection, the address electrodes 
A are biased to the selection potential Vaa only in the 
column including the selected cells generating the ad- 
dress discharge of the selected rows (application of the 
address pulse). The address electrodes A of the column 
55 including the non-selected cells are biased to the ground 
potential (usually zero volts). The display electrodes X 
are biased to a constant potential Vxa from the start to 
the end of the addressing regardless of being the se- 
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lected row or the non-selected row. In the sustain period 
TS, the display pulse Ps having the amplitude Vs is ap- 
plied to the display electrode Y and the display electrode 
X alternately. The number of the pulse application is 
substantially proportional to the luminance weight. 5 
[0011] In a PDP, internal electrification characteristics 
depend on operating temperature, so that a difference 
of the charged state can be generated between cells de- 
pending on a display pattern. As a result, the conven- 
tional driving method has a problem that an addressing 10 
error is apt to occur because of excessive or insufficient 
charge at interelectrode AY between the address elec- 
trode A and the display electrode Y. This problem will be 
explained as follows. 

[0012] Fig. 13 is a diagram of waveforms showing cell is 
voltage variation in the address period of the conven- 
tional method. In Fig. 13, thick solid lines Indicate ap- 
propriate variation of the cell voltage (the sum of the ap- 
plied voltage and the wall voltage), while chain lines in- 
dicate inappropriate variation of the cell voltage. 20 
[0013] Here, the k-th cell in the selection order j-th row 
is noted. A display pattern is supposed, in which an ad- 
dress electrode A corresponding to the k-th column is 
biased to the address potential Vaa, i.e., the display data 
D i,k- D i.i( of the k-th column and of the first through i-th 25 
rows are the selected data in the period before the noted 
row becomes the selected row and while the first 
through i-th (i < j) rows are the selected rows. The wail 
voltage at the interelectrode XY at the start point of the 
address period TA is denoted by Vwxyl , and wall volt- 30 
age at the interelectrode AY at the start point of the ad- 
dress period TA is denoted by Vwayl . 
[0014] If the operating temperature is relatively low, 
the wall voltage does not alter before the noted row be- 
comes the selected row remaining substantially at the 35 
initial value. Therefore, when the noted row becomes 
the selected row, and the display electrode Y| is biased 
to the selection potential Vya1 , and when the address 
electrode \ Is biased to the address potential Vaa, the 
cell voltage (Vwayl + Vaa - Vya1) at the interelectrode 40 
AY exceeds a discharge threshold level Vf AY , so that ad- 
dress discharge is generated. The address discharge 
causes changes of the wall voltage at the interelectrode 
AY and the wall voltage at the interelectrode XY, fol- 
lowed by formation of a charged state that is suitable for *s 
an operation of the subsequent sustain period. The ad- 
dress discharge causes wall voltage Vwxy2 at the in- 
terelectrode XY and wall voltage Vway2 at the intere- 
lectrode AY. 

[0015] Before the noted row becomes the selected so 
row, even if the address electrode A k is biased to the 
address potential Vaa, discharge cannot be generated 
because the cell voltage at the interelectrode AY of the 
noted row is lower than the discharge start threshold lev- 
el Vf AY . However, when environment temperature rises, 55 
or heat due to the display Is accumulated, the cell tem- 
perature may rise above the normal temperature. Ac- 
cordingly, the cell voltage at the interelectrode AY ap- 



proaches to the discharge start threshold level Vf AY , and 
the wall voltage at the interelectrode AY may alter when 
microdischarge is generated even if the cell voltage is 
below Vf AY . There is also the case where remaining 
minute quantity of space charge affects the wall voltage 
to alter. Due to the variation of the wall voltage, the cell 
voltage at the interelectrode AY when the noted row be- 
comes the selected row becomes lower than the normal 
voltage, and the address discharge intensity (variation 
quantity of the wall voltage due to the discharge) is low- 
ered. Therefore, the variation quantity of the wall voltage 
at the interelectrode XY, which is expected to occur at 
the same time as the variation of the wall voltage at the 
interelectrode AY during the address discharge, also be- 
comes little. In this case, since the wall voltage (Vwxy2') 
at the interelectrode XY of the cell to be lighted is insuf- 
ficient, a lighting error may occur in the subsequent sus- 
tain period, resulting In a disturbance of the display. 
[0016] In order to suppress this undesired variation of 
the wall voltage, it is good to decrease the difference 
between the non-selection potential Vya2 of the display 
electrode Y and the address potential Vaa of the ad- 
dress electrode A. However, the difference between the 
selection potential Vya1 and the address potential Vaa 
should be set to a sufficiently large value for ensuring 
intensity of the address discharge at the interelectrode 
AY. Therefore, decrease of the difference between the 
non-selection potential Vya2 and the address potential 
Vaa and the drop in the address potential Vaa close to 
the address potential of the non-selection potential 
mean that the difference between the selection potential 
Vya1 and the non-selection potential Vya2 of the display 
electrode Y is enlarged and require increase of with- 
stand voltage of scan circuit components. In the address 
period, voltage corresponding to the difference between 
the selection potential Vya1 and the non-selection po- 
tential Vya2 is appiied across the power source termi- 
nals of integrated circuit components called scan driv- 
ers. It is necessary to use scan drivers having specifi- 
cations that can satisfy the voltage. The increase of the 
withstand voltage of the integrated circuit will cause a 
substantial increase of the component price. 
[0017] It is desirable to stabilize a display by realizing 
addressing that is hardly affected by operating environ- 
ment without increasing the withstand voltage of circuit 
components. 

[0018] According to an aspect of the present inven- 
tion, a frame is replaced with a plurality of subframes 
having luminance weights, and a drive halt period, in 
which no pulse is applied and no electrode bias is 
switched is provided purposely between at least one of 
the plural subframe periods and the subsequent sub- 
frame period. The language "purposely" preferably 
means that the length of the drive halt period is longer 
than 100 microns, preferably more than 200 microns, 
and is sufficiently long compared with a pulse interval of 
micron order that is usually set. The form in which a part 
of the frame period is made the drive halt period may 
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include a light emission control in which at least one sub- 
frame is forced to be a non-ltghted subf rame. Preferably, 
in the subframe to be the non-lighted subframe, display 
discharge is not generated, so at least the sustain period 
becomes substantially the drive halt period. Further- 
more, in the case of a write address format in which the 
wall voltage of the cell to be lighted is raised, the address 
period may also become substantially the drive halt pe- 
riod. By providing the drive halt period, the disturbance 
of display may be reduced for the following reasons. 
[001 9] It is confirmed by experiments that the distur- 
bance of display due to the incorrect addressing ap- 
pears conspicuously under the following conditions (1) 
-(3). 

(1 ) when the surface of the panel is exposed to high 
temperature. 

(2) when a display load factor is 100% or nearly 
100%. 

(3) when the display load factor of one of the red, 
green and blue colors is 100% or nearly 100% in a 
color display. 

Here, "display load factor 11 means a value de- 
pending.on the 6um of the gradation values in one 
screen of the image data to be displayed and is de- 
fined as an average value of a ratio Di/Dmax of all 
cells when Di (0 m Di < Dmax) is the gradation val- 
ue of the cell i in one frame. 

In addition, the following facts (4)-(6) are 
proved by experiments. 

(4) A lighting error is apt to occur in a subframe sub- 
sequent to the subframe having a large luminance 
weight. 

(5) A lighting error is generated uniformly in any 
subframe regardless of the luminance weight. 

(6) The larger the luminance weight of the subframe 
in which alighting error occurs, the more the lighting 
error affects the image quality as display uneven- 
ness. 

Concerning the fact (4), there is a relationship 
that if a luminance weight of a certain subframe is 
large (i.e., if the number of display pulses is large), 
a wall voltage variation AVway of the interelectrode 
AY in the address period of the subsequent subfield 
Increases. A concrete example of this relationship 
is shown In Fig. 1 . 

Considering the conditions and facts (1)-(6), a 
solution of the problem has been searched. Then, 
the following facts (7) and (8) are discovered. 

(7) A drive halt period is provided between the end 
of a display of a subframe in which cells are lighted 
and the start of the addressing of the subsequent 
subframe. When increasing the length of the drive 
halt period (i.e., the interval time), the wall voltage 
variation AVway of the interelectrode AY in the next 
subframe decreases, and the lighting error hardly 
occurs. 

(B) If a subframe subsequent to the subframe in 



which cells are lighted is the non-lighted subframe, 
the lighting error hardly occurs in the further subse- 
quent subframe, so that the same effect can be ob- 
tained as the above-mentioned method in which the 

5 interval time is elongated. A concrete example of 
the relationship between the interval time and the 
wall voltage variation AVway is shown in Fig. 2. In 
this example, the wall voltage variation AVway can 
be reduced to below 10 volts when the interval time 

10 is 500 microns, and can be reduced down to ap- 
proximately one volt when the interval time is 1000 
microns. 

[0020] As explained above, it is effective in stabilizing 
is a display to provide the drive halt period . However, since 
a frame period of a full motion display is fixed to approx- 
imately 1 6.7 milliseconds, the time that can be allocated 
to the subframe is reduced when a part of the frame pe- 
riod is allocated to the drive halt period. If the number 
20 of display pulses is reduced, the luminance is lowered. 
If the number of subframes is reduced, gradation quality 
is deteriorated. Therefore, it is practical to provide the 
drive halt period only when the lighting error is apt to 
occur, he., when a display load Is large. In general, when 
& the display load is large, the temperature of the panel 
surface is high. 

[0021 J When driving a PDP, an automatic power con- 
trol (APC) is usually performed in which the number of 
display pulses is decreased responding to increase of 
30 the display load for reducing power consumption. When 
the APC is performed, the sustain period is shortened 
for a large display load. Therefore, the sum of the sub- 
frame periods becomes shorter than the frame period, 
so that a free time corresponding to the difference be- 
as tween the sum of the subframe periods and the frame 
period is generated. 

[0022] The free time generated by the APC is divided 
to be distributed within theframe period, so thatthe light- 
ing error can be reduced effectively. If the above-men- 

40 tioned fact (4) is noted, it is desirable to provide the drive 
halt period immediately after a subframe having a large 
luminance weight. If the above-mentioned fact (6) is not- 
ed, it is desirable to provide the drive halt period imme- 
diately before a subframe having a large luminance 

4* weight. In either case, an optimal length of the interval 
time is determined by the relationship of the luminance 
weights of the subframes before and after the drive halt 
period. Therefore, if there Is a free time longer than the 
optimal length, It is desirable to allocate the free time to 

so plural drive halt periods without making one drive halt 
period longer than a necessary length. 
[0023] Preferred features of the present invention will 
now be described, purely by way of example, with ref- 
erence to the accompanying drawings, in which:- 

55 

Fig. 1 is a graph showing the relationship between 
the number of display pulses in a subframe and a 
wall voltage variation in the next subframe. 
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Fig. 2 Is a graph showing the relationship between 
an interval time and a wall voltage variation. 
Fig. 3 is a block diagram of a display device accord- 
ing to a first embodiment. 

Fig. 4 is a diagram showing a ceil structure of a PDP 5 
according to the present invention. 
Fig. 5 is a graph showing characteristics of an au- 
tomatic power control. 

Fig. 6 is a diagram showing period setting in the first 
embodiment. w 
Fig. 7 is a graph showing the relationship between 
the length of the interval time and the effect thereof. 
Fig. 8 is a block diagram of a display device accord- 
ing to a second embodiment. 

Fig. 9 is a graph showing characteristics of the au- is 
tomatic power control. 

Fig. 10 is a graph showing characteristics of a gain 
adjustment. 

Fig. 1 1 is a diagram showing period setting accord- 
ing to the first embodiment. 20 
Fig. 1 2 is a diagram of voltage waveforms showing 
a general driving sequence. 
Fig. 1 3 is a diagram of waveforms showing cell volt- 
age variation in the address period of the conven- 
tional method. 25 

[First Embodiment] 

[0024] Fig. 3 is a block diagram of a display device 
according to a first embodiment. The display device 1 00 30 
comprises a surface discharge type PDP 1 having a 
screen of m columns and n rows, and a drive unit 60 for 
selectively lighting cells arranged in a matrix. The dis- 
play device 1 00 is used as a wall-hung television set or 
a monitor of a computer system. 35 
[0025] In the PDP 1, display electrodes X and Y for 
generating display discharge are arranged in parallel, 
and address electrodes A are arranged so as to cross 
the display electrodes X and Y. The display electrodes 
X and Y extend in the row direction (in the horizontal *o 
direction) of a screen, and the display electrode Y is 
used as a scan electrode for selecting a row in address- 
ing. The address electrode A extends in the column di- 
rection (in the vertical direction) and is used as a data 
electrode for selecting a column. 45 
[0026] Fundamental functions of the drive unit 60 are 
realized by a driver control circuit 61 , a frame memory 
62, a data conversion circuit 63, a power source circuit 
64, an X-driver 66, a Y-driver 67, an A-driver 68 and a 
display load factor detection circuit 69. The drive unit 60 so 
is supplied with frame data Df Indicating luminance lev- 
els of red, green and blue colors from an external device 
such as a TV tuner or a computer, together with syn- 
chronizing signals VSYNC and HSYNC. The frame data 
Df are transferred to the data conversion circuit 63 via 55 
a frame memory 711 and are converted into subframe 
data Dsf for a gradation display. The subframe data Dsf 
is a set of display data containing one bit per cell, and 



a value of each bit indicates on or off of light emission 
of the cell in the corresponding subframe, more specif- 
ically whether address discharge is necessary or not, in 
the case of an interlace display, each of plural fields of 
a frame is made of plural subflelds, and a light emission 
control is performed for each subfield. However, the 
contents of the light emission control are the same as 
the case of a progressive display. The X-driver 66 con- 
trols potentials of n display electrodes X, while the Y- 
driver 67 controls potentials of n display electrodes Y. 
The A-driver 68 controls potentials of total m of address 
electrodes A in accordance with the subframe data Dsf 
from the data conversion circuit 63. These drivers are 
supplied with a control signal from the driver control cir- 
cuit 61 and are supplied with a predetermined power 
from the power source circuit 64. The display load factor 
detection circuit 69 calculates a display load factor for 
each frame referring to the frame data Df. The display 
load factor is used for an automatic power control (APC) 
performed by the driver control circuit 61 . 
[0027] In addition, the drive unit 60 includes an inter- 
val setting circuit 71 and a timing adjustment circuit 72, 
which are unique to the present invention. The interval 
setting circuit 71 determines the interval time immedi- 
ately after the subframe period In accordance with the 
display load factor for each subframe period when the 
temperature of the panel surface detected by the sensor 
75 Is higher than a preset value. There is a case where 
the interval time becomes zero for one of the plural sub- 
frame periods. If the interval time is not zero, the drive 
halt period is inserted between the subframe periods. 
When the drive halt period is inserted, the subsequent 
subframe periods are delayed sequentially. The timing 
adjustment circuit 72 starts keeping the interval time 
from the end of each subframe period and informs the 
driver control circuit 61 of the start time of the subse- 
quent subframe period. Responding to the start time, the 
driver control circuit 61 performs a sequence operation 
concerning a display of one subframe (see Fig. 12). 
[0028] Fig. 4 is a diagram showing a cell structure of 
a PDP according to the present invention. The PDP 1 
includes a pair of substrate structures (each of which 
includes a substrate and elements of discharge cells ar- 
ranged on the substrate) 10 and 20. In the cell of the 
display screen ES, the display electrodes X and Y cross 
the address electrodes A. The display electrodes X and 
Y are arranged on the Inner surface of a front glass sub- 
strate 11, and each of the electrodes includes a trans- 
parent conductive film 41 forming a surface discharge 
gap and a metal film (a bus electrode) 42 extending 
along the entire length of the row. The display electrode 
pairs are covered with a dielectric layer 17 having the 
thickness of approximately 30-50 microns, and the sur- 
face of the dielectric layer 1 7 is covered with a protection 
film 18 made of magnesia (MgO). The address elec- 
trodes A are arranged on the inner surface of a back 
glass substrate 21 and are covered with a dielectric lay- 
er 24. On the dielectric layer 24, band-like partitions 29 



5 



9 



EP1265 212 A1 



10 



having the height of approximately 1 50 microns are ar- 
ranged so that one partition 29 is disposed between the 
address electrodes A. The partitions 29 divide the dis- 
cnarge space into plural columns in the row direction, A 
column space 31 of the discharge space corresponding 
to a column is continuous over all rows. The back inner 
surface including upper faces of the address electrodes 
A and side faces of the partitions 29 is covered with flu- 
orescent material layers 28R, 28G and 28B of red, green 
and blue colors for a color display. The italic alphabet 
letters R, G and B in Fig. 4 denote light emission colors 
of the fluorescent material layers 28R, 28G and 28B, 
respectively. Each of the fluorescent material layers 
28R, 28G and 28B is excited locally to emit light by ul- 
traviolet rays emitted by a discharge gas. 
[0029] Hereinafter, a driving method of the PDP 1 of 
the display device 100 will be explained. 
[0030] Fig. 5 is a graph showing characteristics of the 
automatic power control. 

[0031 ] When the display load factor exceeds 20%, an 
automatic power control function works, and the number 
of display pulses decreases along with the increase of 
the display load factor. The number of the display pulses 
when the display load factor is 100% becomes one half 
of that when the display load factor is below 20%. 
[0032] Fig. 6 is a diagram showing period setting in 
the first embodiment. 

[0033] In this example, one frame is made of eight 
sub-frames. As shown by italic numerals in Fig. 6, the 
luminance weights of these subframes are 32, 1 6, 8, 1 , 
2, 4, 16 and 32, respectively. The reset period TR, the 
address period TA and the sustain period TS are alio- 
catedtoeach of the subframes. The length of the sustain 
period TS depends on the luminance weight. 
[0034] When the display load factor is 20% or less, all 
the remaining time (e.g., 7.1 milliseconds), i.e., the 
frame period Tf (approximately 16.7 milliseconds) mi- 
nus the time necessary for total 8 times of the initializa- 
tion and the addressing (e.g., 1 .2 milliseconds x 8) are 
allocated to the eight subframes in accordance with the 
luminance weights. Namely, the number of the display 
pulses is the maximum. In this case, the sum of the eight 
subframe periods T1 , T2, T3, T4, T5, T6, T7 and T8 is 
substantially the same as the frame period Tf (the state 
(A) in Fig. 6). 

[0035] When the display load factor exceeds 20%, the 
automatic power control function decreases the number 
of display pulses as explained above. In this way, the 
sustain period TS of each subframe is shortened, and 
the sum of the eight subframe periods T1 \ T2', T3\ T4\ 
T5\ T6\ TT and T8 1 becomes shorter than the frame 
period Tf. If the temperature of the panel surface is lower 
than a preset value, the drive halt period is not provided 
between the subframe periods, and a free period TiO (e. 
g. ( 3.5 milliseconds) is generated after the final sub- 
frame period T8' as shown in (B) of Fig. 6. On the con- 
trary, if the temperature of the panel surface is higher 
than the preset value, the drive halt periods Ti1 , Ti2, 713, 



Ti4, 715, Ti6, Ti7 and Ti8 are provided after each of the 
subframe periods as shown in (C) of Fig. 6. Here, when 
setting the length of the drive halt period (the interval 
time ti), longer interval times are provided immediately 
5 before and immediately after the subframe having a 
large luminance weight, as a weighting process. In the 
illustrated example, the long drive halt periods Ti1 and 
Ti8 are provided between the subframe period TV and 
the subframe period T2* as well as between the sub- 
10 frame period T8' and the subframe period T1 1 of the next 
frame. 

[0036] Rg. 7 is a graph showing the relationship be- 
tween the length of the interval time and the effect there- 
of. 

« [0037] The longer the interval period ti is, the smaller 
the AVway becomes. In Fig. 7, it is supposed that if AV- 
way is beiow 5 volts, an address discharge error can be 
prevented, for example. Then, the Interval time of 200 
microseconds is provided after the subframe whose 

so number of display pulses is 16, and the interval time of 
500 microseconds is provided after the subframe whose 
number of display pulses is 32, so that AVway becomes 
below 5 volts in the address period of the subsequent 
subframe. 

25 

[Second Embodiment] 

[0038] Rg. 8 is a block diagram of a display device 
according to a second embodiment. In Rg.8, elements 
30 having the same functions as the above-mentioned ex- 
ample are denoted by the same reference characters. 
[0039] The display device 100b includes a surface 
discharge type PDP 1 and a drive unit 60b for driving 
the PDP 1 . Fundamental functions of the drive unit 60b 
35 are realized by a driver control circuit 61 b, aframe mem- 
ory 62, a data conversion circuit 63b, a power source 
circuit 64, an X-driver 66, a Y-driver 67, an A-driver 68 
and a display load factor detection circuit 69. The display 
load factor detection circuit 69 refers to the frame data 
40 Df and calculates the display load factor for each frame. 
The display load factor is used for the automatic power 
control (APC) performed by the driver control circuit61 b. 
in addition, the drive unit 60b is equipped with a gain 
adjustment circuit 73 that is unique to the present inven- 
ts tion. The gain adjustment circuit 73 performs a gain ad- 
justment In which a gradation value of a frame is 
changed in accordance with a display load factor when 
the temperature of the panel surface detected by a sen- 
sor 75 is higher than a preset value. 
so [0040] Rg. 9 is a graph showing characteristics of the 
automatic power control. 

[0041 ] In the second embodiment, the automatic pow- 
er control function works when the display load factor 
exceeds a first preset value R0 (e.g., 20%), and the 
55 number of display pulses increases or decreases re- 
sponding to increase or decrease of the display load fac- 
tor within the range from the first preset value RO to a 
second preset value R1 (e.g., 70%). The number of dls- 
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play pulses is not changed when the display load factor 
is below the preset value RO or above the preset value 
R1. 

[0042] Fig. 10 is a graph showing characteristics of 
the gain adjustment. 

[0043] When the display load factor is below the pre- 
set value R1 , subframe data Dsf is generated that indi- 
cates the same gradation that the frame data Df indi- 
cates. Namely, the gain is one. When the display load 
factor has a value above the preset value R1 , the gain 
adjustment is performed in which the larger the display 
load factor is, the more the gradation is decreased. In 
this way, at least one subframe is forced to be a non- 
lighted subframe, so that a drive halt period is generated 
substantially. Therefore, power consumption is reduced 
by the same rate as the automatic power control, and 
the wall voltage is prevented from varying in the address 
period. In the illustrated example, if the display load fac- 
tor is 1 00% for example, the data conversion circuit 63b 
outputs the subframe data Dsf for displaying the grada- 
tion value that is the product of the gradation value of 
the frame data Df and the gain 0.7. In this case, suppos- 
ing that the number of display pulses is 1 1 1 {= 1 + 2 + 4 
+ 8 + 16 + 16 + 32 + 32) when all the subframes are 
lighted, the number of display pulses becomes 78 after 
being multiplied by the gain 0.7. Accordingly, subframes 
corresponding to 33 (= 111 - 78) pulses are turned off, 
and two subframes whose number of display pulses is 
1 6 become the drive halt periods Ti2' and T17' as shown 
in Fig. 11 , which bring the effect of making the interval 
free. 

[0044] In the above-mentioned first and second em- 
bodiments, it is possible to omit monitoring the temper- 
ature of the panel surface, and to provide the drive halt 
period in accordance with the display load factor. It is 
also possible to detect a power consumption for decid- 
ing whether or not to provide the drive halt period. 
[0045] According to the first and the second embodi- 
ments, since the period that was a free time is utilized, 
the display can be stabilized without changing the spec- 
ification such as the number of subframes, the number 
of display pulses and the address time. 
[0046] While the presently preferred embodiments of 
the present invention have been shown and described, 
it will be u nderstood that the present Invention is not lim- 
ited thereto, and that various changes and modifications 
may be made by those skilled in the art without departing 
from the scope of the invention as set forth in the ap- 
pended claims. 



Claims 

1. A method of driving a plasma display panel, com- 
prising the steps of: 

providing a frame with a plurality of subframes 
having luminance weights; 



10 2. 



15 



20 



25 



30 



5. 



6. 



35 



40 



7. 



50 



55 



setting on or off of light emission of cells for 
each of the subframes so as to realize a grada- 
tion display; and 

providing a drive halt period between at least 
one of the plural subframe periods allocated to 
each of the subframes and the next subframe 
period only when a display load exceeds a pre- 
set value. 

The method according to claim 1 , wherein the drive 
halt period is provided immediately after the sub- 
frame period having the largest luminance weight. 

The method according to claim 1 , wherein the drive 
halt period is provided immediately before the sub- 
frame period having the largest luminance weight. 

The method according to any of the preceding 
claims, wherein the drive halt period is provided be- 
tween the subframe periods only when the temper- 
ature of the panel surface exceeds the preset value. 

A device for driving a plasma display panel, the de- 
vice being arranged to realize a gradation display 
by providing a frame with a plurality of subframes 
having luminance weights and by controlling on or 
off of light emission of cells for each of the sub- 
frames, wherein a drive halt period is provided be- 
tween at least one of the plural subframe periods 
allocated to each of the subframes and the next 
subframe period only when a display load exceeds 
a preset value. 

A display device comprising an AC type plasma dis- 
play panel and a driving device for driving the plas- 
ma display panel, the driving device being arranged 
to realize a gradation display by providing a frame 
with a plurality of subframes having luminance 
weights and by controlling on or off of light emission 
of cells for each of the subframes, wherein a drive 
halt period is provided between at least one of the 
plural subframe periods allocated to each of the 
subframes and the next subframe period only when 
a display load exceeds a preset value. 

A method of driving a plasma display panel, com- 
prising the steps of: 

, providing aframe with three or more subframes 
having luminance weights; 
setting on or off of light emission of cells for 
each of the subframes so as to realize a grada- 
tion display; 

providing a plurality of drive halt periods having 
length weights corresponding to luminance 
weight arrangement in a frame whose sum of 
subframe periods that are allocated to sub- 
frames is shorter than a frame period; and 
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allocating a free time that Is the difference be- 
tween the frame period and the sum to the plu- 
ral drive halt periods in accordance with the 
length weights. 

5 

8. The method according to claim 7, wherein the drive 
halt period is provided immediately after each of two 
or more subframe periods selected in decreasing 
order of the luminance weight. 

10 

9. The method according to claim 7, wherein the drive 
halt period is provided immediately before each of 
two or more subframe periods selected in decreas- 
ing order of the luminance weight. 

15 

10. A device fordriving a plasma display panel, the de- 
vice being arranged to realize a gradation display 
by providing a frame with three or more subframes 
having luminance weights and by controlling on or 

off of light emission of cells for each of the sub- 20 
frames, wherein a plurality of drive halt periods is 
provided that have length weights corresponding to 
luminance weight arrangement in a frame whose 
sum of subframe periods that are allocated to sub- 
frames is shorter than a frame period, and a free 25 
time that is the difference between the frame period 
and the sum is allocated to the plural drive halt pe- 
riods in accordance with the length weights. 

11. A display device comprising an AC type plasma dis- 30 
play panel and a driving device for driving the plas- 
ma display panel, the driving device being arranged 

to realize a gradation display by providing a frame 
with three or more subframes having luminance 
weights and by controlling on oroff of light emission 35 
of cells for each of the subframes, wherein a plural- 
ity of drive halt periods is provided that have length 
weights corresponding to luminance weight ar- 
rangement in a frame whose sum of subframe pe- 
riods that are allocated to subframes is shorter than 40 
a frame period, and a free time that is the difference 
between the frame period and the sum is allocated 
to the plural drive halt periods in accordance with 
the length weights. 

45 

12. A method of driving a plasma display panel, com- 
prising the steps of: 

providing a frame with a plurality of subframes 
having luminance weights; so 
setting on or off of light emission of cells for 
each of the subframes so as to realize a grada- 
tion display; and 

performing a gain adjustment in which grada- 
tion of a frame is increased or decreased re- 55 
sponding to increase or decrease of a display 
load within a preset range. 



The method according to claim 12, wherein the gain 
adjustment is performed only when the display load 
exceeds a preset value, and the method further 
comprises the step of performing a power control in 
which the number of display discharge times in 
each of the subframe periods responding to in- 
crease or decrease of the display load only when 
the display load is below the preset value. 

A device for driving a plasma display panel, the de- 
vice being arranged to realize a gradation display 
by providing a frame with a plurality of subframes 
having luminance weights and by controlling on or 
off of light emission of cells for each of the sub- 
frames, wherein the device performs a gain adjust- 
ment for Increasing or decreasing gradation of a 
frame responding to increase or decrease of a dis- 
play load within a preset range. 

A display device comprising an AC type plasma dis- 
play panel and a driving device for driving the plas- 
ma display panel, the driving device being arranged 
to realize a gradation display by providing a frame 
with a plurality of subframes having luminance 
weights and by controlling on or off of light emission 
of cells for each of the subframes, wherein the de- 
vice performs a gain adjustment for increasing or 
decreasing gradation of a frame responding to in- 
crease or decrease of a display load within a preset 
range. 
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- a gain adjustment 1s performed in dependence of the 
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